tats that border vineyards (40) . In California's Central Valley, grape and almond are affected. For much of the Central Valley, the key vectors appear to be the green sharpshooter, Draeculacephala minerva Ball, and the less common red-headed sharpshooter, Xyphon fulgida Nottingham (21) . Diseased vines and trees are typically found near alfalfa fields or permanent pastures, habitats known to harbor green sharpshooter populations (42) . Finally, in southern portions of the Central Valley and in Southern California, grape is the primarily affected crop, the glassy-winged sharpshooter is the key vector, and citrus is a key host plant for this sharpshooter (39) .
Of all potential habitats that may serve as a source of vectors or inocula, alfalfa (Medicago sativa L.) has the longest history of association with Pierce's disease in California. From 1929 to 1950, alfalfa was affected by alfalfa dwarf (53) , a disease presumed, early on, to be caused by the same agent as Pierce's disease (27) . Consequently, alfalfa was implicated as a source of inocula (26) for a 1935-to-1941 Pierce's disease epidemic in California (24, 25) . During this period, the relationship of alfalfa with diseases caused by Xylella fastidiosa received a fair amount of attention (26, 27, (53) (54) (55) . However, as problems associated with alfalfa dwarf dwindled in the latter half of the 1900s, so too did research on the epidemiological significance of alfalfa.
In light of recent Pierce's disease epidemics in California, there is renewed interest in understanding the role alfalfa may play in the spread of X. fastidiosa. Such a reevaluation is warranted for many reasons. First, much of the research assessing the relationship of alfalfa dwarf with Pierce's disease was completed before X. fastidiosa was identified as the causal agent (16, 56) . Consequently, tools are currently available that were not available in the early part of the 1900s. Second, alfalfa dwarf has not been viewed as a problem in California for nearly 60 years (20) , suggesting that the epidemiological role of alfalfa may have changed. Finally, host records for the glassy-winged sharpshooter indicate that it can use alfalfa as a host (30) . Thus, a better understanding of Pierce's disease and almond leaf scorch disease have been chronic problems for California grape and almond growers, respectively. Both diseases are caused by the xylem-limited, bacterial pathogen Xylella fastidiosa, which is transmitted by xylem-feeding insects. We evaluated the potential for alfalfa to serve as a source of vectors and inocula in California. Analysis of Geographic Information Systems maps on the distribution and abundance of grape, almond, and alfalfa plantings determined that 94,521 ha of almond and grape were planted within 1.6 km of an alfalfa field. Seasonal trends of X. fastidiosa detection were monitored outdoors and in the greenhouse in five needle-inoculated alfalfa cultivars (CUF101, Moapa69, WL342, WL530HQ, and WL625HQ) over 2 years. Results suggest that cool winter temperatures reduced X. fastidiosa populations to undetectable levels but did not eliminate infections. Sampling of alfalfa fields to assess incidence of X. fastidiosa corroborated this result, with positive samples detected in summer only. Incidence of X. fastidiosa in alfalfa during summer was low, with only 6 positive samples out of 1,156 samples collected over 3 years. Insect trapping in alfalfa fields over 3 years found that the green sharpshooter (Draeculacephala minerva) was the most abundant vector. Within alfalfa fields, green sharpshooter abundance was highest in weedy areas, suggesting a preference for weeds over alfalfa. These results confirm that weedy alfalfa fields can serve as an important source of vectors. Incidence of X. fastidiosa in alfalfa was low, possibly due to preference of vectors for weeds over alfalfa.
the potential role of alfalfa could be valuable if the glassy-winged sharpshooter expanded its range in California.
To assess the role of alfalfa in the epidemiology of diseases caused by X. fastidiosa in California, we first analyzed Geographic Information Systems (GIS) maps on the distribution of alfalfa, grape, and almond in California. These maps were used to estimate the degree of overlap in the distribution of almond and grape with alfalfa. Second, alfalfa was needle inoculated to determine the seasonal fate of X. fastidiosa in alfalfa in the field. Third, alfalfa fields were sampled to estimate seasonal incidence of X. fastidiosa. Finally, vector abundance and distribution in alfalfa fields was assessed.
MATERIALS AND METHODS
Proximity of alfalfa to almond and grape. Movement of native vectors (D. minerva and Xyphon fulgida) is generally described as local (25) . As a result, the distance between alfalfa fields and almond or grape plantings is likely to affect the probability that vectors move between alfalfa fields and one of the susceptible crops. Thus, defining where in California alfalfa coincides with almond and grape and quantifying the proximity of these crops is critical to evaluating the potential for alfalfa to serve as a source of vectors or inocula. To accomplish this, GIS maps on the distribution of alfalfa, almond, and grape were analyzed. The maps were generated from data compiled by the State of California Pesticide Use Reports during 2006 (4). Briefly, when a grower treats a field with a pesticide in California, the grower must submit documentation to the Department of Pesticide Regulation on crop treated, area treated, and location of the treated field as identified by 1.6 km 2 sections based on the Public Land Survey System (5). A limitation of these maps is that fields are omitted if no pesticides are applied during the course of the year. Estimates from these maps of total area planted to each crop at the county level were similar to those reported by the National Agricultural Statistics Service (3).
To determine where in California alfalfa coincides with almond and grape, the hectares of alfalfa, almond, and grape cultivated in each county in California were determined. Next, the hectares of almond and grape plantings that were within 1.6 km of an alfalfa field were determined by summing the hectares of almond and grape that were present within sections that also grew alfalfa. This level of spatial resolution (1.6 km) was chosen because it was the smallest scale possible due to construction of the maps based on the Public Land Survey System.
Seasonal fate of Xylella fastidiosa in alfalfa. Studies with grape have shown that Xylella fastidiosa populations are greatest in summer and fall and lowest in winter and spring (28) . Acquisition may be dependent on X. fastidiosa population (29) ; therefore, seasonal changes in X. fastidiosa population could affect the time of year that alfalfa may serve as a source of inoculum. Additionally, studies with grape and almond suggest that cool winter temperatures can eliminate infections (17, 34, 41) . Thus, effects of cool winter temperatures on infections in alfalfa were assessed over a 2-year period following needle inoculations. To accomplish this, five cultivars of alfalfa (CUF101, Moapa69, WL342, WL530HQ, and WL625HQ) were needle inoculated. The number of needleinoculated plants per cultivar varied from 12 to 24 plants. Plants were grown from seed in 3.8-liter pots using Sunshine Soil Mix 1 and were approximately 8 weeks old at the time of first inoculation. Inoculations took place on two dates, 20 July and 20 August 2007. On the first date, three stems per plant were inoculated and, on the second date, two stems per plant were inoculated, for a total of five inoculated stems per plant. Inoculated stems were marked with colored tape. Stems were inoculated by placing a 15-µl drop of X. fastidiosa suspension on the base of a stem and then piercing the stem with a 23-gauge hypodermic needle. The M23 strain of X. fastidiosa was used for all inoculations. This strain causes Pierce's disease and almond leaf scorch disease and belongs to the grape genetic group (2,12,13). Half of the plants were held in a screen cage during the first winter and were exposed to ambient winter temperatures in Parlier, CA (average low in December and January is 2.2°C) and the other half were held in a greenhouse maintained at 27°C. Plants held outdoors were removed from their pots and planted inside the screen cage. Plants held in the greenhouse were kept in pots. On 15 April 2008, plants held in the greenhouse were moved outdoors, removed from their pots, and planted in a screen cage adjacent to the screen cage that held the plants kept outdoors the previous winter. All plants were held outdoors for a second winter and kept until July 2009. During the course of the study, plants were pruned regularly. Whereas growers typically cut alfalfa every 28 days between April and October (38), a longer cut interval was used to ensure that infections were systemic and not eliminated via cutting. Accordingly, the average time period between cuttings was 106 days (minimum = 59 days, maximum = 173 days).
Because growers routinely cut alfalfa, one possible mode of transmission in the field is through cutting. Thus, a secondary objective was to assess whether mechanical transmission was possible. This was assessed by maintaining an additional three to seven plants (split between the greenhouse and screen cage) of each cultivar under the same conditions as those in the seasonality study. These plants were not needle inoculated but were potentially inoculated by pruning them after needleinoculated plants with the same disinfested shears. To differentiate these plants from needle-inoculated plants, we refer to them as "test plants". A limitation of the experimental design used to evaluate mechanical transmission is emphasized. Specifically, all test plants were pruned with disinfested shears. Because true controls (uninoculated plants cut with cleaned shears) were not maintained, the possibility that infections in test plants were due to a mechanism other than mechanical transmission cannot be ruled out; thus, positive detections in test plants simply suggest that mechanical transmission may be possible.
Over the course of the study, all plants were assayed for the presence of X. fastidiosa every 2 to 4 months using standard polymerase chain reaction (PCR) methods (details provided below). On the first sampling date, two samples per needleinoculated plant were collected whereas only a single sample was collected from test plants. The two samples collected from needle-inoculated plants consisted of an inoculated stem (identified by the tape placed around the stem at the time of inoculation) and a randomly selected stem that was distant from the inoculation site. For test plants, the single sample consisted of a randomly selected stem. By the second sampling date, most needle-inoculated stems had died. Thus, for all remaining sampling dates, a single randomly selected stem was assayed (for needle-inoculated and test plants). For analysis, we differentiated between cultivars on the first sampling date only. Thereafter, results were pooled for all cultivars due to mortality over the 2 years of study.
Incidence of X. fastidiosa in alfalfa. Alfalfa fields were sampled in spring, summer, winter, and fall to estimate incidence of X. fastidiosa throughout the year. Five sites were used, two each in Fresno and Tulare Counties and one in Kern County, CA (Fig. 1) . At each site, the same field was not sampled in all years of study because some growers rotated their field from alfalfa to another crop. If this occurred, a nearby replacement alfalfa field was selected ( All sampled alfalfa fields were near almond or grape. Alfalfa fields in Fresno County (sites A and B; Fig. 1A and B) and Kern County (site E; Fig. 1E ) were near almond orchards that were previously surveyed for almond leaf scorch disease (22, 51) . Specifically, 14, 3, and 3% of trees in at least one of the almond orchards near sites A, B, and E were affected by almond leaf scorch disease, respectively (51) . Alfalfa fields in Tulare County (sites C and D; Fig. 1C and D) were near vineyards with a low incidence of Pierce's disease. Survey of these vineyards found that Pierce's disease was present but that incidence was low <1% (M. S. Sisterson, unpublished data).
Sampling began in summer 2005 and continued through summer 2008, for a total of 13 sampling dates. Each field was separated into nine quadrats (three by three) and 5 to 22 alfalfa stems per quadrat were collected and screened for presence of X. fastidiosa using PCR-based methods (details provided below). In summer and fall 2005, 22 stems per quadrat were collected. From winter 2005 to winter 2006, 10 stems per quadrat were collected. From spring 2007 to project completion, five stems per quadrat were collected. In total, 3,849 plant samples were assayed with 801, 1,156, 821, and 1,071 plant samples from spring, summer, fall, and winter, respectively.
Vector sampling in alfalfa. In each field site described above, a grid of 16 to 20 yellow sticky traps (14 by 22.9 cm; Seabright Laboratories, Emeryville, CA) was placed out and replaced biweekly. There were 8 to 12 traps on field perimeters and 6 placed in field interiors. The number of green sharpshooters, red-headed sharpshooters, and glassy-winged sharpshooters on each trap was counted. Sampling began in January 2006 and was completed in November 2008. Data on insecticide use, irrigation, and cutting were also collected. Using analysis of variance, effects of county, year, number of irrigations, and number of cuttings on the sum of sharpshooter abundance in each field from February to October of each year were tested (48) .
Site A was the only site located within a known glassy-winged sharpshooterinfested zone, and red-headed sharpshooters are known to be less abundant than green sharpshooters (21) ; therefore, we anticipated that green sharpshooters would be the most abundant vector in our samples. Thus, data to test hypotheses about the distribution of green sharpshooters in alfalfa fields were collected. Specifically, green sharpshooters have been shown to have higher abundance in weedy than weed-free alfalfa fields (42) . Consequently, we tested the hypothesis that trap catches would be higher for traps located in weedy than weed-free sections of each alfalfa field. For analysis, we assessed whether the mean number of green sharpshooters caught per trap per year was higher for traps located on field perimeters than field interiors using a paired t test. The role of weed ground cover on the aforementioned analysis was assessed by comparing weed ground cover surrounding traps on field perimeters to field interiors using a paired t test. For all analyses involving weed assessments, trapping data from 2006 were omitted because weed assessments were not conducted during that year. Next, we assessed the effects of weed ground cover for each year-site combination using simple regressions of weed ground cover versus trap catch (48) . Finally, to assess the effects of weed ground cover on trap catch across field sites, we regressed trap catch against site and weed ground cover nested within site. Partial residual plots were generated to view the effects of weed ground cover on trap catch with the effect of site removed (45) .
DNA extraction and PCR. The first step of sample preparation differed over the 4 years of study. From summer 2005 through summer 2007, only field-collected alfalfa samples were assayed, and initial sample preparation involved lyophilizing 3.8 cm of stem tissue. Lyophilized tissue was placed into 2-ml tubes with a ceramic bead and shaken for 90 s at a rate of 1,300 strokes/min using a model 2000 Geno/Grinder (SPEX Cetriprep Inc, Metuchen, NJ). Subsequently, 1 ml of DNA extraction buffer was added (20 mM EDTA and 350 mM Sorbitol in 100 mM Tris-HCL, pH 8.0, plus 2.5% [wt/vol] PVP-40) and samples were centrifuged at 9,300 × g for 10 min. The supernatant was discarded leaving a pellet. From fall 2007 to the completion of the experiment, there were field-collected samples, samples from needle-inoculated plants, and samples from test plants. During this period, whole stems were homogenized in 10-by-13-cm extraction bags with 5 ml of extraction buffer using a Homex 6 Bioreba Ag Homogenizer (Bioreba Ag, Reinach, Germany). Homogenate (2 ml) was removed and centrifuged at 9,300 × g for 10 min and the supernatant discarded, leaving a pellet. All steps from the point of pellet formation were the same for both protocols and were similar to those used by Lin and Walker (35) and Francis et al. (19) Pellets were resuspended in 300 µl of DNA resuspension buffer (20 
min. Nucleic acid was precipitated by transferring the upper phase (650 µl) of the centrifuged samples to a new tube containing 600 µl of isopropanol and centrifuging at 9,300 × g for 10 min, and the pellet was rinsed with 70% ethanol. The DNA preparation was resuspended in 100 µl of 1× Tris-EDTA buffer.
For PCR, samples were diluted 1:100 and 2 µl of diluted sample was added to 2 µl of 10× buffer, 1.6 µl of dNTP, 13.9 µl of water, and 0.1 µl of Taq Polymerase (Takara Bio inc., Otsu, Japan). To this, 0.2 µl of each primer (RST 31 and RST 33) was added. Primers RST 31 and RST 33 are X. fastidiosa specific and amplify a 733-bp fragment (37) 
RESULTS
Proximity of alfalfa to almond and grape. Of California's 58 counties, 7 counties simultaneously planted >10,000 ha of alfalfa and >10,000 ha of almond and grape combined ( Fig. 2A-C ; Fresno, Kern, Madera, Merced, San Joaquin, Stanislaus, and Tulare). For those seven counties there was a total of 76,813 ha (16% of almond and grape grown in those counties) of almond and grape planted within 1.6 km of an alfalfa planting (Fig. 2D) . There was an additional 17,708 ha of almond and grape planted within 1.6 km of an alfalfa planting in the remaining California counties. Stanislaus County had the greatest area of almond planted in proximity to alfalfa, with 13,880 ha of almond within 1.6 km of an alfalfa planting. Fresno County had the greatest area of grape planted in proximity to alfalfa, with 11,523 ha of grape within 1.6 km of alfalfa. Fresno County also had the greatest area of both commodities combined in proximity to alfalfa, with 19,445 ha of almond and grape within 1.6 km of an alfalfa planting.
Seasonal fate of X. fastidiosa in alfalfa. Needle inoculations were successful for all cultivars tested. Molecular analyses conducted 47 days after the first inoculation documented a high frequency of positive detections at inoculation sites but a low frequency of positive detections away from inoculation sites (Fig. 3A) . This suggests limited movement of X. fastidiosa within plants over 47 days. Specifically, 75, 58, 50, 17, and 11% of inoculated stems tested positive for X. fastidiosa for the cultivars WL342, Moapa 69, CUF101, WL625HQ, and WL530HQ, respectively (mean across cultivars = 44%; Fig. 3A) . In contrast, detection in stems distant from inoculation sites was lower, with 13, 0, 0, 6, and 0% of stems testing positive for cvs. WL342, Moapa 69, CUF101, WL625HQ, and WL530HQ, respectively (mean across cultivars = 4%; Fig. 3A) .
From 22 October 2007 to 14 April 2008, half of the plants were kept in a greenhouse and the other half were kept outdoors in a screen cage. In January and March 2008, 76 and 51% of needleinoculated plants held in the greenhouse tested positive for X. fastidiosa, respectively, whereas none of the needleinoculated plants held outdoors tested positive (Fig. 3A) . On 14 April 2008, needle-inoculated plants held in the greenhouse were moved outdoors into a screen cage adjacent to the screen cage that held the needle-inoculated plants that were outdoors during the previous winter. Screening of needle-inoculated plants in Fig. 2 . Hectares planted to A, alfalfa; B, almond; and C, grape in California by county. Maps were generated using pesticide use reports from 2006. D, Number of hectares of almond or grape that were within 1.6 km of alfalfa in the seven counties with >10,000 ha of alfalfa and >10,000 ha of almond and grape combined. County names were abbreviated by their first three letters, except for counties with names consisting of two words, in which case the first two letters of each word were used (SJ = San Jose, Sta = Stanislaus, Mer = Merced, Mad = Madera, Fre = Fresno, Tul = Tulare, and Ker = Kern).
July and October 2008 found that the percentage of X. fastidiosa-positive plants was similar for the two groups, suggesting that cool winter temperatures reduced infections to undetectable levels in needleinoculated plants held outdoors during the winter but did not eliminate infections (Fig. 3A) . To reinforce this result, both sets of plants were held outdoors for an additional year. As for plants held outdoors in the previous year, no needle-inoculated plants tested positive for X. fastidiosa in February and April 2009 (Fig. 3A) . However, screening of needle-inoculated plants in July 2009 found that 56% of plants that originated from the greenhouse group were positive for X. fastidiosa and that 64% of plants that were held outdoors during the entire course of the study were positive for X. fastidiosa.
Screening of test plants suggests that mechanical transmission by pruning shears may be possible (Fig. 3B) Over the course of the 2-year study, plant mortality was high and mortality of test plants was similar to that of needleinoculated plants (Fig. 3C) . As stated above, most mortality was due to activity of pocket gophers in screen cages. This source of mortality likely acted independently of infection status. Mortality of plants held in the greenhouse was high after transplanting to the screen cage in spring 2008.
Incidence of X. fastidiosa in alfalfa. Of 3,849 alfalfa samples assayed over 3 years of study, only 6 were positive for X. fastidiosa. All six samples were collected during the summer in Fresno County. Two positive samples were from site A during summer 2005 and both were collected from the same quadrat. The other four positive samples were collected from site B during summer 2007 and were collected from the same quadrat.
Vector sampling in alfalfa. In total, 8,939 green sharpshooters were captured on yellow sticky traps during the course of the study. A single glassy-winged sharpshooter was captured on a sticky trap at site A in July 2008. Site A was the only site located within a known glassy-winged sharpshooter-infested zone. No red-headed sharpshooters were observed at any location throughout the study period.
There was no effect of year, county, number of cuttings, or number of irrigations on the number of green sharpshooters trapped (whole model, F = 2.48, df = 6, 4, P = 0.20), indicating that these variables do not explain variation in green sharpshooter abundance. Fields were cut approximately every 30 days starting in April and running through October, for an average of 6.6 ± 0.4 (mean ± standard deviation [SD]) cuttings per year and 7.4 ± 0.6 (mean ± SD) irrigations per year. To our knowledge, there was only a single insecticide application applied during the entire course of study. This occurred at site A in March 2006 and was an application of a pyrethroid that targeted alfalfa weevil.
The number of green sharpshooters trapped on field perimeters did not differ from the number trapped in the interior (t = 1.80, df = 11, P = 0.10), although abundance of green sharpshooters on field perimeters was generally greater than abundance in field interiors for all but a single field (Fig. 4A) . The percentage of area covered by weeds was significantly greater on field perimeters than on field interiors (Fig. 4B, t = 3 .0, df = 7, P = 0.02). As with the previous analysis, a single field differed from the overall trend. Specifically, at site C in 2008, more green sharpshooters were caught on traps on the field interior than on the perimeter (Fig. 4A) . Likewise, site C in 2008 was the only field to have a greater percentage of weedy ground cover surrounding traps on the field interior than on the perimeter (Fig. 4B) . The field sampled at site C in 2008 differed in one respect from all other fields, in that it was irrigated from the center rather than from the perimeter. These observations suggest that higher trap catches for traps on field perimeters than interiors was largely driven by the presence of weeds rather than green sharpshooters preferring field perimeters.
Simple regressions of number of green sharpshooters caught and weed ground cover surrounding a trap revealed a significant effect of weed ground cover on trap catch for five of eight site-year combinations (significant: site A-08, F = 13.04, df = 1, 18, P = 0.002; site C-07, F = 4.55, df = 1, 14, P = 0.05; site C-08, F = 4.64, df = 1, 18, P = 0.05; site E-2-07, F = 7.6, df = 1, 14, P = 0.02; and site E-08, F = 14.34, df = 1, 18, P = 0.001; not significant: site B-07, F = 2.06, df = 1, 14, P = 0.1736; site D-07, F = 0.08, df = 1,14, P = 0.78; site E-1-07, F = 1.48, df = 1, 14, P = 0.24). A multiple regression of site and weed cover nested within site further indicated a significant effect of site on trap catch (F = 17.35, df = 7, 124, P < 0.0001) and, within sites, a significant effect of weed cover surrounding a trap on trap catch ( Fig. 4C ; F = 7.33, df = 8, 124, P < 0.0001).
DISCUSSION
The potential for alfalfa to serve as a source of vectors or inocula was assessed. In agreement with other studies (25, 42) , the green sharpshooter was common in alfalfa fields but was most abundant in weedy sections (Fig. 4) . Sampling of alfalfa fields found that incidence of X. fastidiosa in alfalfa was low. The results suggest that alfalfa fields may serve as a source of vectors but alfalfa plants do not appear to be an important source of inocula. Because green sharpshooter dispersal is described as local (25), a prerequisite for alfalfa fields to be a source of vectors is proximity to almond or grape plantings. Analysis of GIS maps on the distribution of almond, grape, and alfalfa plantings indicated that, statewide, 94,521 ha of almond and grape were within 1.6 km of an alfalfa field (Fig. 2) . Thus, there is sufficient proximity of alfalfa fields to grape and almond plantings for movement of green sharpshooters from alfalfa fields to almond or grape plantings to be probable.
Monitoring of needle-inoculated alfalfa plants found seasonal trends in detection (Fig. 3A) . Similar to our results with alfalfa, studies with grape found that infections were not detectable in May but were detectable in late summer (28) . Likewise, acquisition of X. fastidiosa from almond by green sharpshooters declined from July to October (11) . Such effects are likely due to changes in X. fastidiosa population with season. Thus, alfalfa is likely to be a poor acquisition host in winter and spring but potentially a good acquisition host in summer and fall. The probability that an infection in grape becomes chronic decreases the later in the year a plant is inoculated (17, 18) . Thus, observations of low populations of X. fastidiosa in alfalfa plants in the spring may reduce its importance as an acquisition source for Pierce's disease strains of X. fastidiosa unless insects acquire X. fastidiosa in the fall and survive until the following spring. Effects of time of year on the probability that an infection becomes chronic in almond are less well understood. Regardless, Shapland et al. (50) identified several weed species found around almond orchards that had higher detection in the spring than in the summer. If acquisition in the spring is a key component to the probability that a vector eventually inoculates grape or almond, such weeds may be more important inocula sources than alfalfa.
We found that incidence of X. fastidiosa in alfalfa was approximately 0.5% during summer (6 positives out of 1,156 tested over 3 years). No X. fastidiosa-positive alfalfa samples were collected in spring, fall, or winter. Based on results with needle-inoculated plants (Fig. 3A) , a lack of positive samples in spring and winter was expected. However, the lack of positive samples in fall was unexpected. Because incidence of X. fastidiosa was low in Fig. 4 . A, Difference in the number of green sharpshooters caught per trap for traps on the perimeter of alfalfa fields versus the interior. For each field, the mean number per trap for traps on field interiors was subtracted from the mean number per trap for traps on field perimeters. B, Difference in the percent area covered by weeds surrounding traps for traps on the perimeter of alfalfa fields versus the interior. For each field, the mean area covered by weeds for traps on field interiors was subtracted from the mean area covered by weeds for traps on field perimeters. C, Effects of area covered by weeds on trap catch with the effect of site removed. summer samples, it is possible that a lack of detection in fall samples occurred simply due to chance. Low incidence of X. fastidiosa in alfalfa may be attributed to feeding preferences of green sharpshooters. Purcell and Frazier (42) indicated that alfalfa should be considered an occasional host rather than a primary host of green sharpshooter and, as anticipated, trap catches of green sharpshooter were highest in weedy portions of the field (Fig. 4C) . If green sharpshooters preferentially feed on weeds in alfalfa fields, spread of X. fastidiosa from alfalfa to alfalfa would be limited. Accordingly, incidence of X. fastidiosa in weeds found in alfalfa fields should be assessed to fully evaluate the inoculum potential of alfalfa fields.
From 1929 to 1950, alfalfa dwarf, a disease presumed to be caused by X. fastidiosa, was reported to severely affect stands of alfalfa in California (26, 53) . Alfalfa dwarf is no longer considered a threat to alfalfa production (20) and our observations of low incidence of X. fastidiosa in alfalfa are in accordance with this observation. The release of the alfalfa dwarf resistant or tolerant cv. California Common 49 in 1950 was probably a major factor in mitigating problems with alfalfa dwarf (32) . However, to our knowledge, this cultivar is no longer widely planted and needle inoculation of contemporary cultivars indicate that they are suitable hosts for X. fastidiosa ( Fig. 3A; 14,36 ) and, at least in the case of WL625HQ, infection appears to have deleterious effects on plant growth (14) .
If contemporary cultivars are suitable hosts for X. fastidiosa, why has alfalfa dwarf not experienced a resurgence? A review of the literature provides some insight; of particular relevance are discussions on stand loss by authors in the 1930s and today. In the original description of alfalfa dwarf, Weimar (53) indicates that the impetus for investigating alfalfa dwarf was due to stand loss which limited the productive lifetime of a stand to 3 years rather than the desired 8 to 10 years. Alfalfa dwarf was eventually viewed as an important factor contributing to stand loss during this period (32). Putnam et al. (44) recently reviewed current practices and indicated that there is substantial stand loss over the first 3 to 4 years and recommends rotating to another crop at this time. Importantly, Putnam et al. (44) attributed stand loss to a host of factors (number of cuttings, traffic, summer heat, scald, winter flooding, cold winter temperatures, soil compactions, and soilborne diseases) but alfalfa dwarf is not mentioned and is not considered an economic problem in California (20) . Thus, the situation regarding stand loss is the same now as it was from 1930 to 1950 but alfalfa dwarf is no longer considered to be an important factor. Acceptance that typical stand life times are 3 to 4 years rather than 8 to 10 years would decrease the importance placed on a disease that affects stand loss over 3 to 4 years. Additionally, movement of growers to a shorter rotation would reduce the inoculum potential of alfalfa fields because incidence would presumably be higher in older compared with younger fields. Thus, shorter rotations may have had a regional effect on incidence.
Test plants pruned after needleinoculated plants tested positive for X. fastidiosa, suggesting that mechanical transmission may be possible (Fig. 3B) . Mechanical transmission has been reported for grape (33) ; thus, this possibility was not unexpected. However, because true control plants (uninoculated plants cut with cleaned shears) were not maintained, we cannot eliminate the possibility that infections in test plants were due to a mechanism other than mechanical transmission. For example, whiteflies and spider mites were observed on plants in the greenhouse and aphids were occasionally observed in screen cages. Although these insects are not reported to vector X. fastidiosa, we cannot rule out their involvement or the involvement of other agents that were not observed. Accordingly, we conclude that mechanical transmission may be possible and that more definitive tests are warranted.
One factor that should be included in studies on mechanical transmission is the effect of cut interval. For example, in our study, the cut interval was 3.7 times longer than that used by growers. Thus, one possibility that needs to be investigated is whether cutting on a grower's 28-day schedule (38) could eliminate infections before they become systemic. We found that only 4% of stems distant from inoculation sites tested positive for X. fastidiosa 47 days after inoculation (Fig. 3A) . Thus, if it takes >28 days for infections to become systemic, growers may eliminate infections during harvest. We cannot evaluate this possibility because the first cut in our study occurred 173 days after the first inoculation although, in a related study, Almeida (1) found that cutting 56 days after inoculation did not eliminate infections in alfalfa. An additional factor that should be considered is distance of inoculation sites from pruning sites. This factor may be important because recent studies demonstrated that green sharpshooters prefer to feed at the base of alfalfa stems (15) .
As expected, green sharpshooter abundance in alfalfa fields was high. However, we found no red-headed sharpshooters. Red-headed sharpshooters are reported to be less abundant than green sharpshooters and to prefer habitats that differ from those preferred by green sharpshooters (42) . Insects were counted on yellow sticky traps and green sharpshooters were exceptionally abundant; therefore, it is not impossible that red-headed sharpshooters could have occasionally been caught but recorded as green sharpshooter due to their low density and similar appearance. A single glassy-winged sharpshooter was trapped at site A in Fresno County during 2008. Additional sweep net sampling at this site during the summer of 2008 caught another glassy-winged sharpshooter. Site A was the only site located within a glassywinged sharpshooter-infested area, and this finding confirms that glassy-winged sharpshooters may use alfalfa as a host. This site was located within a small agricultural region adjacent to an urban area, suggesting movement from ornamentals or backyard citrus into alfalfa.
In summary, the results confirm that alfalfa may play a role in the epidemiology of Pierce's disease and almond leaf scorch disease. Large areas of alfalfa are planted in proximity to almond and grape (Fig.  2D) . Alfalfa harbors populations of green sharpshooters (Fig. 4) and can serve as a host for the glassy-winged sharpshooter. Further, alfalfa is a suitable host for X. fastidiosa (Fig. 3A) . Combined, these features indicate that distancing almond and grape plantings from alfalfa could reduce risk of Pierce's disease and almond leaf scorch disease. An alternative strategy is weed control in alfalfa or shorter rotations to prevent establishment of weed populations. Our results and those of others (25, 42) lend strong support to the observation that the presence of green sharpshooters in alfalfa fields is due to lush weed growth rather than alfalfa plants. Thus, maintaining pure stands of alfalfa is likely to reduce green sharpshooter populations.
ACKNOWLEDGMENTS
We thank D. Dwyer, E. Felts, T. de la Torre, and S. Uchima for help with field and laboratory work; R. Yacoub for providing GIS maps; and R. Almeida and A. Purcell for valuable discussion and comments on an earlier draft of the manuscript. The project was supported by the University of California Pierce's Disease Grant Program (USDA/ CSREES supported) and the USDA-ARS. 
LITERATURE CITED

